To use elytral color morphs of Cylas formicarius as a genetic marker in its eradication using the sterile insect technique, the geographic distribution of the morphs was examined in the three main infested areas of Japan (Central Ryukyus, Southern Ryukyus, and Ogasawara Islands). In addition to the two known color morphs in Japan (bluish elytra (BE) and greenish elytra (GE)), the piceous elytra (PE) was found mainly in the Southern Ryukyus at low frequency. The color morph frequencies varied between the Central and Southern Ryukyus and between locations within the two areas, while only BE was found in the Ogasawara Islands. PE would be useful for genetically marking sterile weevils to be released. Similarly, GE would be useful in some islands where GE is rarely or not found. BE frequencies on two islands in the Central Ryukyus (Amami and Okinawa) and two islands in the Southern Ryukyus (Miyako and Ishigaki) in 2006-2007 were higher than in 2002-2003. 
INTRODUCTION
The sweet potato weevil, Cylas formicarius (Fabricius) (Coleoptera: Brentidae), is a serious pest of sweet potato, Ipomoea batatas (L.) Lam. (Convolvulaceae), in tropical and subtropical areas (Sugimoto, 1990 ; International Institute of Entomology 1993; Setokuchi et al., 1996; AlonsoZarazaga, 2004) . It is thought to have originated from India and to have been dispersed on a regional scale mainly by human transportation of infested sweet potato (Wolfe, 1991) because of its limited dispersal ability (Moriya, 1995; Moriya and Hiroyoshi, 1998) . In Japan, this weevil was first recorded on Okinawa Island in 1903 (Nawa, 1903) and is currently distributed throughout the Southwest Islands and Ogasawara Islands. Owing to the serious damage caused to sweet potato by this weevil, Japanese plant quarantine regulations have prohibited the transport of host plants from infested areas to other areas in Japan since 1950. To solve this problem, the Kagoshima and Okinawa prefectural governments initiated the C. formicarius eradication project using a sterile insect technique (SIT) with the support of the Japanese government (Ohmura, 2000) . Sterilized weevils are currently marked with a fluorescent powder dye to distinguish them from wild weevils when they are recaptured by monitoring traps in the field (Kuba et al., 2003) ; however, it is necessary to develop a better marking technique because the marker can be removed (Kuba et al., 2003) .
In insect marking methods, visible genetic variations, such as body and eye color, have often been used as genetic markers to identify insects (reviewed by Hagler and Jackson, 2001) , for example, the ebony body coloration of the boll weevil, Anthonomus grandis, was used to study its dispersal and mating behavior (Bartlett, 1967; Bartlett et al., 1968) . C. formicarius shows three elytral color polymorphisms: bluish elytra (BE), greenish elytra (GE), and piceous or piceous-brown elytra (PE) (Pierce, 1918 (Pierce, , 1940 Kissinger, 1968; Wolfe, 1991) . PE, BE, and GE C. formicarius were recorded in India, USA and the Caribbean; and Indonesia and the Philippines, respectively (Pierce, 1918 (Pierce, , 1940 Kissinger, 1968; Wolfe 1991) ; however, their detailed geographic distribution and color morph frequencies have not yet been examined. The BE morph of C. formicarius in Japan was described by Sutherland (1986) and later by Kawamura et al. (2005) , who reported the co-occurrence of BE and GE weevils on four islands in the Southwest Islands (Amami Island, Okinawa Island, Miyako Island, and Ishigaki Island) with geographic variation in their frequency. They observed the genetic dominance of GE over BE regardless of sex, but the inheritance pattern of the color morphs was not determined.
To use elytral color morphs of C. formicarius as genetic markers, it is necessary to further understand BE and GE geographic distribution, including the exploration of additional color morphs. In the present study, we examined the color morphs of C. formicarius collected in 29 locations that almost covered its distribution range within Japan.
MATERIALS AND METHODS
C. formicarius were collected using pheromone lures (Lure-II, Sankei Chem. Co., Japan) in the Central and Southern Ryukyus, which are in the Southwest Islands, and in the Ogasawara Islands: Fig. 1; Appendix) . Since the color morph frequencies of this weevil did not vary between sexes in the previous study (Kawamura et al., 2005) , only males were used in the present study. The collected weevils were preserved in 99.5% ethanol, air-dried on Kimwipes (Crecia Co., Japan), and classified into color morphs by eye (Fig. 2) . When weevils were collected in two or more locations on a single island, we referred to them as different populations based on their distance because of their poor dispersal ability; their maximum flying ability is about 2 km (Moriya, 1995; Miyatake et al., 1997; Moriya and Hiroyoshi, 1998) . The statistical analyses were the Yates chisquare test for color morph frequencies in different periods and locations within single islands and among populations within the main island group, and the Tukey-Kramer test for color morph frequencies among the main island group. To examine 506 K. KAWAMURA et al. 
RESULTS
C. formicarius of non-BE/GE morphs were found on the following nine islands: Kouri Island (Central Ryukyus) and Tarama Island, Ishigaki Island, Iriomote Island, Taketomi Island, Kohama Island, Kuro Island, Hateruma Island, and Yonaguni Island (Southern Ryukyus) (Fig. 2c ). These beetles were characterized by a piceous or reddish purple elytra. We referred to this color morph as piceous elytra (PE) according to the description by Pierce (1918 Pierce ( , 1940 and Kissinger (1968) .
Color morph frequencies did not change during 2006-2007 in the eleven populations examined (Yates chi-square test, pϾ0.05) ( Table 1 ; Appendix); hence, the data for these periods were pooled. There was no significant difference in color morph frequencies within islands between two populations on Tokunoshima Island (Amagi Town and Isen Town) and among three populations on Okinawa Island (Nago City, Yomitan Village, and Uruma City) (Yates chi-square test, pϾ0.05), while there was a significant difference between two populations on Iriomote Island (Toyohara and Funauki) (same test, pϽ0.001) (Table 1; Appendix). Figure 3 shows the geographic distribution of the three color morphs of C. formicarius in the Southwest Islands and the Ogasawara Islands of Japan. In the Southwest Islands, BE accounted for 80.2-98.9% in the Central Ryukyus, but for 15.0-83.8% in the Southern Ryukyus. PE was mainly found in locations where BE frequencies were 50-60% and accounted for only 0.1-1.1%. In contrast, BE accounted for 100% in four of the Ogasawara Islands. There were significant differences in BE frequencies among the Central Ryukyus, the Southern Ryukyus, and Ogasawara Islands (Tukey-Kramer test, pϽ0.05) ( Table 2 ). The difference in color morph frequencies was also significant within the Central and Southern Ryukyus (Yates chi-square test, pϽ0.001) ( (Table 3) .
DISCUSSION
In the present study, C. formicarius showing PE were found at a low frequency (1% or less). PE is probably genetically determined because both BE and GE have a genetic basis (Kawamura et al., 2005) . In fact, we have recently established a PEmonomorphic population from weevils collected in 507 Geographic Variation of Cylas formicarius Yonaguni Island (Kawamura et al., unpublished) , strongly supporting the genetic basis of PE. Therefore, PE would be useful for genetically marking sterile weevils to be released in the C. formicarius eradication project using SIT in Kagoshima and Okinawa Prefecture (Southwest Islands) or in other areas (Ogasawara Islands) if the eradication project is extended in the future. Similarly, GE would be useful in some locations where GE is rare (e.g., Kikai Island and Minamidaitou Island) or does not exist (e.g., Ogasawara Islands).
Because the quality of mass-reared insects affects the efficacy of a SIT program (Huettel, 1976) , the ecological and physiological characteristics (e.g., sexual competitiveness, dispersal ability, and longevity) have been examined using mass-reared insects to be released as sterilized insects (e.g., Nakamori and Soemori, 1981; Koyama et al., 2004; Matsuyama and Kuba, 2004; Kumano et al., 2007) . To successfully introduce C. formicarius showing PE as a genetic marker in SIT, it is important to compare these characteristics between PE weevils and other colored weevils, and to clarify the inheritance pattern of the three color morphs.
In contrast to the Central and Southern Ryukyus (Southwest Islands), only BE existed in the Ogasawara Islands. In addition, color morph frequencies varied both between the Central and Southern Ryukyus and between locations within the same areas. A possible factor influencing monomorphism in the Ogasawara Islands is the difference in its invasion source. Kawamura et al. (2007) suggested that the sources of populations of the Ogasawara Islands differed from those of the Southwest Islands based upon differences in the nucleotide sequences of the internal transcribed spacer-1 region. C. formicarius in the Ogasawara Islands may have originated from a monomorphic population of elytral color or from a small number of BE weevils in a polymorphic population.
The present study also revealed that BE frequencies increased from 2002-2003 to 2006-2007 in all four islands examined, although it is uncertain why they increased. We need to continue research to clarify temporal changes in color morph frequencies of the respective islands to introduce elytral color morphs of C. formicarius as genetic markers in SIT. Geographic Variation of Cylas formicarius BE, GE, and PE: Weevils with bluish elytra, greenish elytra, and piceous elytra, respectively.
